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[54 J Title of invention: Elevator durability assessment 
device and method thereof 

[57] Abstract 

An elevator durability assessment device which 
by measuring the temperature, humidity, dust, vibrations, 
and noise of the building in which an elevator is installed 
precisely predicts the life of the elevator's components. It 
comprises environmental condition sensors set up in the 
machine room and the elevator car for measuring various 
environmental condition factors, a control panel for 
controlling the elevator, and a monitoring unit for sending 
the environmental condition factor information measured 
by the environmental condition sensors and operating 
information from the control panel via a public telephone 
network to a remote monitoring center. This remote 
monitoring center includes a first CPU for gathering 
information from the monitoring unit and storing it and a 
second CPU for assessing the durability of the 
components, for diagnosing elevator failures, and for 
predicting component life. 
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CLAIMS 



1. An elevator durability assessment device, comprising: 

environmental condition sensor devices set up in a machine room and in an elevator car for 
measuring environmental condition factors; 

a control panel device for controlling an elevator; 

a monitoring unit device for sending the environmental condition factor information measured by 
the environmental condition sensor devices and operating information from the control panel via a public 
telephone network to a remote monitoring center; and 

a remote monitoring center device, comprising a first central processing unit (CPU) for gathering 
information from the monitoring unit and storing this information and a second CPU for assessing the 
durability of the components, for diagnosing elevator failures, and for predicting component life. 

2. The device according to claim 1, wherein said environmental condition sensor devices measure 
temperature, humidity, and the level of dust pollution. 

3. The device according to claim 1, wherein said environmental condition sensor devices are 
installed in the machine room and in the elevator car shaft. 

4. The device according to claim 1, wherein said second CPU executes component-management 
functions, checking and analysis functions, alarm functions, and monitoring functions. 

5. An elevator durability assessment method, comprising: 

measurement of environmental condition factors in the elevator machine room, the elevator car, 
and the elevator shaft; 

taking samples from all elevators that have the same conditions and, based on the results of the 
environmental factor measurement step, obtaining a cyclic coefficient, said cyclic coefficient involving 
phenomena that occur under certain environmental condition factors according to preset periods and that 
might cause elevator failure; 

adapting the cyclic coefficient to actual conditions and calculating expected failure frequencies for 
corresponding environmental condition factors, and setting a weight by dividing the failure frequencies into 
grades of preset quantities; and 

multiplying said weight by an elevator component predicted life value based on an influencing 
factor and thus calculating an updated predicted life value for the component. 

6. The method according to claim 5, wherein said cyclic coefficient is based on annual failure 
frequency, annual temperature difference, annual mean humidity, and annual mean dust pollution level. 



DESCRIPTION 



An Elevator Durability Assessment Device and Method Thereof 



The present invention relates to an elevator durability assessment device and a method thereof. In 
particular, it relates to an improved elevator durability assessment device and a method thereof which can 
assess the durability of the main components of an elevator. 

Elevator durability assessment devices have recently been introduced to the industry. They collect 
relevant elevator operating information and analyze it in order to maintain elevators more effectively. 
Specifically, the basic role of existing elevator durability assessment devices is to forecast and assess the 
wear and tear and life of elevator components. 

The conventional elevator durability evaluation device includes an intelligent diagnosis elevator 
remote monitoring system, which uses a local area network (LAN) to remotely monitor the elevator 
operating status through a client/server system. In addition, the elevator durability assessment device can use 
a central processing management system to remotely monitor elevator operating status and performance. A 
server system can, in accordance with the number of elevator cars and their environmental conditions, be 
used for a single purpose. Said server system can also include various client systems based on different 
characteristics. The client systems communicate with subsystems through preset networks. The server system 
controls all information received from the client systems, determines the cause of elevator failure, forecasts 
elevator failure based on its determination, and performs an intelligent diagnosis of elevator operations. In 
this way, it can estimate the effective life of the elevator. 

Faults which occur during elevator operation might injure elevator passengers. Elevator failure 
frequency is a very important factor. It is determined on the basis of elevator car travel distance and operating 
time. Therefore, it is possible to combine the aforesaid factors to predict elevator failure. To prevent the 
accidents that might result from elevator failure, it might be necessary to replace the components that would 
cause elevator failure. 

Therefore, it is very important to examine all factors. These factors might include abnormal wear 
and tear between components and expiration dates from elevator operating information. Moreover, the 
effective service lives of elevator components need to be calculated. 

Table 1 shows the various factors that might cause elevator failure. By meticulously examining each 
of the factors below, it is possible to predict the remaining effective service lives of elevator components. 



Table 1 



Influencing factor 
Travel distance 



Assessed component 
Lubricating oil, rail oil 
Braking control components 
Cables 

Door mechanism-related components 



Total travel time 



Operating time for each floor 
Number of times door opens/ 
shuts at each floor 



Lamp illumination time 



Lamp, voltage stabilizer 



1 



There may be other influencing factors in addition to the factors shown in Table 1. Specifically, it is 
possible to create classifications for each influencing factor according to building use based on the daily 
mean elevator operation time. Such classifications are used to weight the relevant life predictions relative to 
effective elevator life. 

Table 2 presents types of buildings, the daily mean elevator operation times, and the weights 
relating thereto. These weights are used to determine life weights, and the aforesaid weights are used for 
calculations based on the factors shown in Table 1 . In this way, life predications are determined. 



[Table 2] 

Grade Building type Daily mean elevator operation time Weight 

A Office 9 hours 1 

B Hotel/department 10 hours 0.9 
store 

C Apartment building 12 hours 0.75 

D Hospital/factory 15 hours 0.6 



The following is a detailed explanation of a conventional elevator durability assessment device (and 
method thereof) that makes use of the influencing factors of Table 1 and the weights of Table 2: 

As shown in FIG. 1 , the conventional elevator durability assessment device comprises an elevator 
control panel 30 and a monitoring unit 40, which are for gathering elevator operation information through 
serial communication links and for sending elevator failure and operating status information. A public 
telephone network 50 is for sending the aforesaid information output by the monitoring unit to corresponding 
components. The remote monitoring center 60 is analyzing information received through the public 
telephone network 50 and, on the basis of the results of the analysis, executing integrated elevator 
management. A service station 70 is connected to the monitoring unit 40 for performing failure diagnosis. 

The remote monitoring center 60 comprises multiple first central processing units (CPU) 61 for 
constituting the client/server system in an LAN (local area network) environment and a second CPU 62. 

The service station 70 comprises a third CPU 71 connected to the public telephone network 50 for 
maintaining and managing the elevator system and a fourth CPU 72 connected 20 to a remote monitoring 
center. 

The operation of this type of conventional elevator durability assessment device is described below 
with reference to FIG. 1 : 

First of all, the elevator control panel 30 measures influencing factors in the building where the 
elevator is installed, and the data on these factors are transmitted to the monitoring unit 40. For example, 
samples may be taken of such influencing factors as travel distance, operating time, and travel frequency. 
The sampled influencing factor information is transmitted to the first CPU 61 of the remote monitoring 
center 60. 

The first CPU 61 of the remote monitoring center 60 gathers and analyzes failure and operating 
status information sent by the monitoring unit 40. The second CPU 62 processes these analysis results and 
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information relating to the corresponding components of the elevator. Moreover, it executes integrated 
management consisting of failure diagnosis and assessment of component life. Specifically, the second CPU 
62 examines the relationship between failure of elevator components and the factors influencing them based 
on information sent from the first CPU 61. This relationship is generated at predetermined intervals. Then, 
using the examined relationships as information, the second CPU sets weights related to the influencing 
factors. It also calculates life predictions based on the weights. All integrated management, such as failure 
diagnoses and life assessments, is executed on the basis of calculated life predictions. 

The third CPU 71 of the service station 70 executes elevator failure diagnosis, and the fourth CPU 
72 monitors the elevator diagnostic state. 

As stated above, the basic role of the conventional elevator durability assessment device is to predict 
elevator life based on influencing factors such as elevator travel frequency, elevator operating history, 
operating time, and use factors relating to building type. 

However, because the conventional elevator durability assessment device and method predict the 
lives of major components based on influencing factors and use factors only, they are often imprecise. In 
addition, because conventional elevator durability assessment devices do not take into account elevator 
environmental conditions, such as temperature, humidity, and dust, it is not possible to precisely predict 
elevator durability. 

Therefore, an object of the present invention is to provide an elevator durability assessment device 
and method that overcomes the limitations of the conventional elevator durability assessment device. 

Another object of the present invention is to provide an elevator durability assessment device and 
method that can, by means of temperature, humidity, dust, vibrations, and noise in the building where the 
elevator is installed, more precisely predict the life of elevator components. 

Yet another object of the present invention is to provide an elevator durability assessment device 
and method that can, through an improved durability assessment method, more effectively assess elevator 
durability. 

To achieve the objects described above, the elevator durability assessment device provided by the 
present invention comprises an elevator durability assessment device, which includes environmental 
condition sensors set up in a machine room and in an elevator car for measuring environmental condition 
factors, a control panel for controlling an elevator, a monitoring unit device for sending the environmental 
condition factor information measured by the environmental condition sensors and operating information 
from the control panel via a public telephone network, and a remote monitoring center. This center includes a 
first central processing unit (CPU) for gathering information from the monitoring unit and storing this 
information and a second CPU for assessing the durability of the components, for diagnosing elevator 
failures, and for predicting component life. 

To achieve the objects described above, the present invention also provides a method for assessing 
elevator durability, which comprises the following: measurement of environmental condition factors in the 
elevator machine room, the elevator car, and the elevator shaft; taking samples from all elevators that have 
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the same conditions and, based on the results of the environmental factor measurement step, obtaining a 
cyclic coefficient which involves phenomena that occur under certain environmental condition factors 
according to preset periods and that might cause elevator failure; adapting the cyclic coefficient to actual 
conditions and calculating expected failure frequencies for corresponding environmental condition factors 
and setting weights by dividing the failure frequencies into grades of preset quantities; and multiplying said 
weights by elevator component predicted life values based on influencing factors and thus calculating 
updated predicted life values for the components. 

The description below will further clarify other advantages, objects, and features of the present 
invention. 

The detailed description below, consisting of examples presented in the light of drawings, allow a 
clearer understanding of the present invention. However, these examples do not limit the present invention. 
The drawings: 

FIG. 1 presents a diagram of a conventional elevator durability assessment device; 

FIG. 2 presents a diagram of an elevator durability assessment device of the present invention; and 

FIG. 3 presents a flow chart of an elevator durability assessment method of the present invention. 

FIG. 2 presents a diagram of an elevator durability assessment device of the present invention. Said 
device includes various environmental condition sensors 1 10 set up in a machine room 100 and in an elevator 
car 122 for measuring environmental conditions near the elevator, a control panel 130 for controlling elevator 
operations, a monitoring unit 140 for sending the environmental condition factor information measured by 
the environmental condition sensors 110 and elevator operating information via a public telephone network 
150 to a remote monitoring center 160; and a remote monitoring center 160, comprising a first central 
processing unit CPU 161 for gathering information from the monitoring unit and storing this information and 
a second CPU 162 for assessing the durability of the components, for diagnosing elevator failures, and for 
predicting component life. The elevator durability assessment device uses the public telephone network 150 
to send information output from the monitoring unit 140 to the corresponding components. It also includes a 
service station 170, connected to the public telephone network 150, which is for diagnosing elevator failures. 

In the elevator durability assessment device of the present invention, the remote monitoring center 
160 and the service station 170 have the same structure as the conventional elevator durability assessment 
device. Therefore, we will omit a description of this structure here. 

The following is an explanation of the operation and results of the elevator durability assessment 
device with reference to the drawings. 

First of all, the elevator control panel 130 measures influencing factors in the building where the 
elevator is installed and sends this influencing factor information to the monitoring unit 140. The 
environmental condition sensors 1 10 installed in the elevator machine room 100 and on top of the car 122 
measure environmental condition factors, such as temperature, humidity, vibration, and dust, near the car 122 
and the elevator shaft. Moreover, environmental condition factor measurement information is sent to the 
monitoring unit 140. The monitoring unit 140 sends the influencing factor information, the environmental 
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condition factor measurement information, and elevator operating information from the control panel 130 
together via the public telephone network 150 to the first CPU 161 of the remote monitoring center 160. 

The first CPU 161 of the remote monitoring center 160 gathers and analyzes the influencing factor 
information, environmental condition factor information, and operating information sent from the monitoring 
unit 140. The second CPU 162, based on the analysis results of the first CPU 161 and information collected 
on the corresponding components of the elevator, executes a durability assessment algorithm for the purpose 
of performing a type of integrated management, e.g. longevity assessment from elevator failure diagnosis. 

In other words, the second CPU 162 analyzes the relationship between elevator component failure 
and environmental condition factors. Such a relationship is formed at preset intervals from information sent 
by the first CPU 161. In addition, using analysis results as operating data, weights are set in relation to 
influencing factors and environmental factors. In addition, the second CPU 162 uses weights that have been 
set in this way to correct predicted life values. The second CPU 162 multiplies the predicted life value 
obtained from such environmental factors by the weight for the environmental factors. Then, it calculates a 
more precise predicted life value and thereby more precisely assesses the durability of the elevator 
component. 

The second CPU 162 also executes the following four functions: component management function, 
component failure checking and analysis function, alarm function, and monitoring function. The component 
management function here refers to assessing the durability of elevator components and managing them. The 
component failure checking and analysis function checks elevator component failure, elevator car call status, 
special-purpose car performance, failure frequency and statistics, and the checking cycle. The purpose of the 
alarm function is to send an elevator failure-related alarm, and the monitoring function executes remote 
monitoring, control panel online control, and elevator online diagnosis functions. 

Therefore, if environmental condition sensors 1 10 measure environmental condition factors of the 
elevator, it becomes possible to predict elevator component life with greater precision. 

For example, various kinds of environmental conditions are present in a building. Thus, using only 
use factor classifications as is the case with the conventional elevator durability assessment device cannot 
precisely assess the impact of these environmental condition factors. Therefore, as stated above, the basic 
role of the environmental condition sensors 1 10 is to measure environmental condition factors such as 
temperature, humidity, dust, vibrations, and noise in the machine room 100 and in the elevator car 122 shaft. 
Among the roles of an environmental monitoring sensor is the measurement of temperature, humidity, dust, 
vibrations, and noise. 

The elevator durability assessment method of the present invention is explained with reference to 

FIG. 3. 

First of all, the environmental condition sensors begin to operate in step SI . To obtain weights based 
on environmental conditions, it is necessary to take samples from "n" sample elevators. These sample 
elevators have the same conditions, e.g. the same installation date, system, time, and purpose. In step S2, 
environmental condition factors such as temperature, humidity, and noise are measured in the machine room, 
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elevator car, and elevator shaft. In step S3, the environmental condition factors measured in step S2 are sent 
to the first CPU 161 of the remote monitoring center 160 via the monitoring unit 140. Then the relationship 
between elevator component failure and environmental condition factors is simulated based on the 
information sent in step S4. This relationship is obtained according to predetermined periods. Then, the 
cyclic coefficient of the above-described model is obtained and applied to real conditions so as to set weights 
related to environmental conditions. In addition, weights that were established in this way are multiplied in 
step S6 by predicted component life values measured according to influencing factors such as operating 
frequency and use time. Thus, preferred predicted life values are calculated for each component of the 
elevator. Finally, in step S7, integrated management, consisting of failure diagnosis and elevator component 
life assessment, is executed on the basis of the preferred predicted life values that were finally calculated. 

Table 3 represents failure information and environmental condition information for each elevator. 
This information was obtained from samples taken from five elevators. 

[Table 3] 

Dust 



Elevator 


Annual 
failure 
frequency 


Temperature 
difference 
(°C) 


Annual mean 
humidity 
(% RH) 


pollution 
level (1,000 
pcs/0.01 ft 3 ) 


1 


10 


34 


37 


1.22 


2 


35 


36 


39 


3.50 


3 


2 


20 


29 


1.43 


4 


15 


30 


33 


2.87 


5 


3 


18 


30 


2.35 



To use environmental condition factors to calculate the degree of influence on the failure frequency, 
the following formula can be used: 

y=*ct + P ,x,+ P 2 x 2 +P Xp (1) 

Where y represents the annual failure frequency, a represents a predetermined influencing constant, 
and xi to x n represent variables, and j3 represents the cyclic coefficient. Assume that, in the formula, x, is 
temperature difference, x 2 is annual mean temperature, and x 3 is the annual level of dust pollution. Formula 
(1) can be changed into matrix form, as below: 

y~x* P (2) 



10 1 




'l 34 


37 


1.22 




35 




1 36 


39 


3.50 


a 
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1.43 


2.87 


2.35 



Where the first column in the X matrix matches a constant term and represents a cyclic model 
containing a constant term. 

In addition, to predict the cyclic coefficient (/?), Formula (2) can be expressed as follows: 

& - (x'x) 'xy 



x — 



The cyclic coefficient is obtained by inserting x and x' and y of the above matrix into Formula 

(3). 

-61.48 1 
0.25 
& - 1.56 
, 7,52 

If the actual environmental condition factor (xj) is obtained from the cyclic coefficient (/3), the 
failure frequency (y) predicted from the environmental condition factor can be expressed as follows. 

y=xi*& ..(4) 

Table (4) presents the weights obtained from Formula (4). 
Table [4] 



Predicted failure frequency (Y) 

0-5 

5-10 

10-13 

13- 



Grade Weight 
A 1.0 
B 0.9 
C 0.8 
D 0.7 

The following is an explanation of the preferred predicted life values obtained from Formula (4) and 
Table (4). 

First of all, supposing that the predicted component life obtained only on the basis of influencing 
factors is 5 years, and the actual measured values of elevator environmental condition factors is as shown in 
Table 5. The predicted failure frequency y is calculated together with the cyclic coefficient and Formula 
(4) which is obtained through the above matrix equation, as shown below: 

[Table 5] 
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Annual temperature 
difference (°C) 



Annual mean 



humidity 
(% RH) 



Annual mean dust pollution 
level (1,000 pcs/0.01 ft 3 ) 



35 



36 



1.50 



-61.48 



0.25 



35 



36 



1.50)* 



1.56 



7.52 



y-14.71 



The failure frequency (y) based on the above is 14.71. In addition, the weight that matches 14.71 in 
Table 4 is 0.7. 

Thus, this is how the preferred predicted life value is obtained: use the predicted failure frequency (y) 
to multiply the predicted life that was obtained on the basis of environmental condition factors only. As 
shown below: 



where z represents the preferred predicted life value, A represents the predicted life that was 
obtained on the basis of environmental condition factors only, and W represents the weight derived from the 
from environmental condition factors. 

As stated above, the role of the elevator durability assessment device and method thereof of the 
present invention is to predict elevator life with greater precision. The procedure consists in measuring the 
environmental condition factors with the greatest impact on elevator component life and providing forecasts 
on the basis of the measurement results. 

Other roles of the elevator durability assessment device and method thereof of the present invention 
are to prevent elevator accidents and more effectively perform maintenance system management, to provide 
more accurate and reliable life predictions for elevator components, to prevent accidents caused by 
component aging and abnormal wear and tear, and to accurately predict aging components in need of 
replacement. 

Although, for the purpose of illustration, we have presented here an optimal embodiment of the 
present invention, a person skilled in the art would be able to effect various modifications, additions, and 
deletions without moving beyond the scope of the present invention as defined by these claims. 
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